


f you want to know whether you will need
sunscreen or an umbrella for tomorrow's

picnic, you can simply read

the local weather report.

However, if you are calculat-

ing the impact of gas combus-

tion on global temperatures, or

anticipating next year's rainfall

levels to set water conserva-

tion policy, you must conduct

a more comprehensive investi-

gation. Such complex matters

require long-range modeling techniques that

predict broad trends in climate development

rather than day-to-day details.

Efficient and accurate

climate modeling requires

powerful computers that

can process billions of

mathematical calculations

in a single second.

Climate models are built from equations that cab

culate the progression of weather-related condi-

tions over time. Based on the laws of physics,

climate model equations have been developed to

predict a number of environmental factors, for

example:

Amount of solar radiation that hits

the Earth

Varying proportions of gases that

make up the air

Temperature at the Earth's surface

Numerical modeling of the climate can improve

our understanding of both the past and the

future. A model can confirm the

accuracy of environmental

measurements taken in the past

and can even fill in gaps in those

records. In addition, by quanti-

fying the relationship between

different aspects of climate, sci-

entists can estimate how a future

change in one aspect may alter

the rest of the world. For

example, could an increase in the temperature of

the Pacific Ocean somehow set off a drought on

the other side of the world? A computer simula-

tion could lead to an answer for this and other

questions.

Quantifying the chaotic, nonlinear activities that

shape our climate is no easy matter. You cannot

run these simulations on your desktop computer

and expect results by the time you have finished

checking your morning e-mail. Efficient and

accurate climate modeling requires powerful

computers that can process billions of mathemat-

ical calculations in a single second. The NCCS

exists to provide this degree of vast computing

capability.

Circulation of ocean and wind

currents The challenge of accuracy

Development of cloud cover Why does a climate model need so much proc-

essing power? The answer lies not only in the

sheer complexity of the equations but also in the
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numberof timesthattheequationsareper-
formedtoproduceresultsthatareasaccurateas
possible.

First,themodelcalculateseachequationfor
numerouspointsthroughoutthephysicalarea

thatit isdesignedtocover.Aninvestigator
definesathree-dimensionalareainagridof
pointsforthephysicalspacethattheclimate
modelwill cover.Thegrid isdividedintolayers
forvariousaltitudeswithin itsverticalscale,It
maycoveranaltitudeashighas60kilometers

A stretched grid concentrates a climate modeI, s calculation points in a specific area, reducing the amount of computation
times entoutsldethatarea m_ _ _I: _ _h_.tm r.o , _ ., .__ , _ , +" p " . i %_e :r:_ ,: _, i.::!,el _"x..Rabin_.vi, z, N,'-{YA Godda',d ,; _;.',:e Fii,:,,:t Cen_er Data ,'i<,;;,._ita_i,tr, C_;&.._.

14



.......... : :: ....... : : : :_. :_ .:.::::_::.: ::::_:.:............. _:., -. H- :::_:,, ..... :: :: : :._ _: ._......... : ::..: _ : : >:_:_ ::_ :_ _:i_:_ ;i_i :_C_i:i:_i: :ii!i!iii_JiL!)iii:/:_:ilil;iii:_ iii:iiii:iii?iiiiii!::_iiiii_iiiiiiiiiiiiiii?iiiiiiiiiiii!iiiiiiiiiiiiiiiiii_iiiii!¸iiiiii!

_iiiiiii_i_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiii_iiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiii_iii_iii!iii_iiiiiiiiiiiiiii_iiiiiiiiii!!iiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_i_iiiiiiiiiiiiiiiiiii_i!i_i_i_i_iiiii!i_iiiii_i_i_iii_iii_iii_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiii_iiiiiiii_iiiiiii_ii_i_i_i_i_iiiiiiiii_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_iii_i_iii_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_i_iii_i_i_i_i_i_i_i_i_i_i_i_i_i_i__
_ii_i_iiiii_iiiiiiiiiiiiiiiii!iiiiiiiiiiiiiii!ii_iiii!iii!iiiiiii!iiiiiii_iii!iii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiii_iiii_iiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiii!iiiiiii_iiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiii_iiiii__iiiiiiiiiii_iiiiiiiiiiiii_i_ii_iiiiiiiiiiiiiiii_iiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiiiiii_iiiiiii!iiiiiiiiiiiiiiiiiii_iii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiii_iiiiiii_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiiiii___iii_iiii_!__iiiiiii__iiii!ii_iii_!iiiiiiiiiiiiiiiii!iiiiiiiiiii__iii_iiii_iii_iiiiii__iiiiiiiiiiiiiii_iiii_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiii!iiiiiiiiiiiiiii_iiiiii_iiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiii!iii_i_

n_ ne_sa_t_ interred[ if r_ea_e_ _i_ _a_ _ e_en eli_i_a_ _is

::__:___'_:____::___:__::_::_::'::_::':_::_::_::_::__:_::__.__:::_:.__::___::_::__._::__'_._:_:_::__:_::_:___::_:__.::_:_:::.:_:._:__:__:__:_'_:_:_':_:::_:_:::::_:::::::_::::::::_:::_:_:__:_:_::::_:__::::_:._:_:_::::::_:::_::_::_:__:::_:__:_:_::::__:::_:::_::_:_:::_:.:::_;_::::::::__:_;__::_::::_:_:__:__:___:._:._::__::_________::____:______;::____::_________::_________;__________::_____::::_____::_________________:_:_::;_:____::_:__:,___:_i::_::;__::_;:::.:::_;:__:__::_ii:::i:__:_:;;__::i__::::_:__:__i_:_::_:_:__:.::_:__::_:::__:::_:,__:_:__:::_:_::_:.ii:::_:._::i:_:::_i:_i:_::__.__,_i::i_,i::i:,i:_i:,iii_,i::iliii_i:_i_iiili:_i_,ili_,ili_,i:_i'_iiilili!i::ili:,i_,i_i_,i:_i_i:_i_,i_iii_i_iiiii_i:,ii::iiiii!iiiiiiiiiiiiiiiiiiiiiiiii::iii_iiiiiiiiiii_iii_iiiiiiiiiiii_,ii_:iiiiiiiiiiiiiiiiiiiiiiii_i::iiiiii_:__i_i_i_i_i__i::_i_::ii__::_:iiil_i::i_i_i__i__i__i_:___:_:i__:_:__::_i:_::___::_:::_::i

:oo , oo oo
NNNiNiNiNiiiNiN!iiNiiliNiNii;iiliiiilNiiiiiiNiNi==iilNiiiNi:i ii2NiiiNililiNiNNi=.ii;NIiliNNiiNi$:iiiiiii;iiN;iiNiiiifiNNINN:=.iI:iNNiNiiiiNNi=i==iiNiiN)iiNNilNiiiiiiil[i==Niii;iN=iiN:iiiiilNNNiiiiiiiiiNi==i=iii 2iiiii:iiiiii===%==i2ii=Nii=ii iiiiNiiiiiii==iNiiiiiNiiiiiiiiiiiill:iii2iiiii==iiiiiiNi2iiN:iii2NiiiiiiiNNiiiiiiiiiiNiiiiiiii;iiiiiiiiiiiNiiiiiiiNili2iiNiiN2===i==NiNi==iiiiNi==i222 i 2=2 2 = =?.iii ==?=i2ii2iii==iNii2iiiii=iii=ii=?=ii=i2i 2:2i i?=iiii=iii===$NiiiiNiNiiiNNiiNNiNiiilN=.iilNiiiiiiNiNNNNiNiiiiiiiiiiiNii==iii==Nii==iiNINiNI=i==;ii=.Nii==NNiiiiNNNiii;iiiiiNi==iiii=iiN==iii=Nii=iiiiiiiiiiiNi==NiiiiiiiFF=iNi2:iii=iiiii i2i:i? i i2i2F=22ii1222i 2 2:2 =2 2 _

calculates first for _e global g_idi use igs resolUtiOn _s i_ i; _; __i_

_s_i_ o; n_;i _a_ reS_i; _ ;_e b;_da_ !aye_ _he_ _e grids m;;;i _Ne _ise _a_

Zii::i__u_ed :::idi_wn ;;iiib yiad dilii1gi:_p_i_aii!iiiiiiiiiiii_rmu!a_ Oi__oU:iii_ _ iS__siiii:ii_iiiiiii_eiii:ili_ode!ii:iiiiiieq_ a; iiii!iil!i!i ::

_ns, TBese schemes are d_ig_e_ _o ease _e s_ar e d{_nces _ m_ a_ea_

15



and divide the distance over

dozens of strata, or layers.

Each level in the vertical scale

contains points that vary in loca-

tion by I to 3 degrees in latitude

and longitude. The resolution, or

number of calculation points,

determines a model's accuracy. If

the resolution is too low, some factors that influ-

ence the climate, such as cloud cover, may slip

through the grid points and not be taken into

account.

Obtaining a reliable

climate solution at any

particular moment in

time may require

many thousands of

calculations.

Researchers can increase the accuracy of a model

by coupling it with models of other climate

factors. This process employs algorithms to use

one model's calculations as input to another

model. A coupled climate model is more accurate

because it takes into account the interrelated

nature of our environment. For instance, warm

sea surface temperatures (SSTs) can heat low-

lying air and strengthen the flow of nearby wind

currents. Depending on the extra models, cou-

pling additional climate components may

increase the computational load by

up to 10 times.

Data assimilation isanother model-

ing task that typically requires

powerful mathematical calculating

capability. Assimilation entails the

periodic input of observed climate

measurement values into a simula-

tion. Recordings such as SSTs taken on boats and

remote sensing data from satellite readings can

be assimilated into a climate model. The meas-

urements provide a reality check for the simula-

tion, and the new calculations can fill in any

missing spots in the measurement data set.

Obtaining a reliable climate solution at any par-

ticular moment in time may require many thou-

sands of calculations, and that is only the begin-

. ning. Results are generated for numerous time

steps in a single run that can cover decades of

time. Furthermore, an investigator will often

repeat the entire run multiple times to verify the
results.
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A major challenge in studying climate progression is making sense of huge amounts of observational data. Through a complex series of
mathematical operations known as a multivariate empirical orthogonal function (MEOF) analysis, major patterns of variation in the data can be

isolated. This graph shows MEOF results for the movement of equatorial currents and ocean temperature changes during the 1998 La Nffia
phenomenon, h;zage credit: U_'Jversib,/ oi:'\,brvlnnd, £arth c;,_tem 5c_e_:,.:,.'Inie_.discipli;_ary Ce,ter (ESSIC)
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